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a lasting disability [2] . Hemiplegia resulting from stroke leads to overall muscle contraction and weakness on the hemi side, and 70% of the patients are left with chronic disability [3] . In addition, voluntary motor function and coordination functions of trunk muscles are injured, resulting in abnormality in posture, muscle tone, and motor control [4] . Decreased motor control ability is a major factor that decreases general performance and activities during daily living [5] . Additionally, leaned nonuse after stroke tends to lead to an inactive lifestyle, which gradually decreases everyday physical activities and the range of social participation, increasing deterioration of physical functions including gait and balance [6] .
Long-term bedside resting and decreased physical activities may induce secondary complications such as pressure sores, osteoporosis, circulation dysfunction of the lower limbs, nutrition and metabolism dysfunction, endocrine dysfunction, mental issues, and neurological complications [7] . In addition, physical weakening such as nonuse atrophy and contraction affects respiratory muscles, lung tissues, and cardiovascular structures [8] . These changes in the interrelationships of the structures result in gradual decreases of cardiopulmonary functions and gas exchange, which leads to decreased vital capacity, lung volume, trachea obstruction, fluid velocity, and oxygen saturation in the arteries [9] [10] [11] . Weakening and paralysis of the diaphragm and respiratory muscles leads to contraction of the thoracic cage and decreased lung elasticity [12, 13] , and these decreases in cardiopulmonary functions have decreasing effects on total respiration volume and capacity, including forced vital capacity (FVC) and forced expiratory volume in one second (FEV1) [14] .
This results in decreased sputum excretion, which leads to complications such as pneumonia and atelectasis.
Therefore, appropriate postural changes are suggested in clinical settings to distribute pressurized areas of the body, as well as increase oxygen supply and delivery to minimize aspiration risks and make expulsion of lung discharges easier for compensation of insufficient lung capacity [15] .
Decreased cardiopulmonary functions make a person feel easily fatigued during physical activities, which restricts independent performance of activities of daily living [16] .
Early active participation in rehabilitation is recommended for stroke patients, but rehabilitation therapies for functional recoveries may induce physical fatigue due to decreased vital capacity [13, 17, 18] .
Recent related studies report contraction of the thoracic cage on the affected side and weakness of respiratory muscles in acute stroke patients with the tendency for restrictive lung diseases or hemiplegic patients with chronic stroke [12, 13, 19, 20] . Specific patterns of most post-stroke pulmonary function decreases are explained by direct causes such as poor diaphragm motor functions and respiratory muscle weakness.
Shin et al. [21] suggested that changes in the autonomous nervous system in response to alterations in postures during physical therapy implementation be considered in patients with neurological conditions. Additionally, studies have investigated the breathing capacity depending on postures with normal adults and the elderly [8, 22] , and compared breathing capacity changes depending on postures of cardiovascular and neurological patients such as chronic pulmonary diseases and spinal cord injury [23, 24] . However, despite asymmetrical weakness of the diaphragm and accessory respiratory muscles because of hemiplegia in stroke patients, there are insufficient studies comparing vital capacity changes that consider the affected side in stroke patients who require training in different postures [13] . To 
Procedures
This investigation was a cross-sectional study conducted from May to August in 2018. The G-power 3.13 software was used to calculate the sample size. The power and alpha level were set as 0.08 and 0.5, respectively, while the effect size was set at 0.4 according to a preliminary study that 
Measurement tools
A spirometer (microQuark, Cosmed, Italy) was used to measure vital capacity, and Omnia software (Omnia software, v1.6.4, Cosmed, Italy) was used to collect the data ( Fig. 1) . To make the measurement of vital capacity more accurate, room temperature was set to 20℃ with a humidity of 50%. A nose clip was used to prevent air inspiration and expiration through the nose during the measurement process, and participants were educated on being cautious not to let the air slip out through the mouth piece. If accurate data was not recorded because of air ventilation through the nose or the mouth piece, another attempt at measurement was made.
When measuring in the sitting position, the hip and knee joint were maintained in 90 degrees and the chair height was adjusted so that both soles of the feet touched the floor. To minimize any compensations of the trunk during inhalation and exhalation, the participants were asked to maintain an upright posture. In both side lying positions, vital capacity was measured after placing appropriate pillows between the knees, under the lumbar spine, and by the head to minimize any shape deformities from the body weight of the thoracic cage and to maintain levelness of the whole spine. Vital capacity measurement in the supine position was made after placing pillows under the knees and head to maintain a comfortable posture (Fig. 2) .
The vital capacity test measured the forced vital capacity In a sitting position, the hip joints are flexed to 90 degrees and the lengths of the abdominal muscles are shorter than when standing [28] . Evaluation of the relationship between the muscle length and tensile force has shown that abdominal muscles are in the optimal position when standing, resulting in a beneficial generation of abdominal pressure [29] . According to Cotes et al. [30] , vital capacity is 7% greater when standing than sitting.
However, vital capacity when sitting is greater than when leaning 45 degrees seated or in the supine position.
Although seated leaning at 45 degrees is a position on which abdominal muscles are relaxed and able to promote sufficient inhalation [25, 31] , expansion of the thoracic cage on the dorsal side is restricted against the back of the chair, making the vital capacity lower than when seated upright.
In addition, thoracic cage expansion on the dorsal side is even more restricted in the supine position than when seated and leaning 45 degrees because of the gravitational force working against it. Therefore, vital capacity is decreased in the supine position because the volume of blood going through the lungs increases and the gas volume inhaled into the thoracic cage decreases by pressurizing the diaphragm [22, 32, 33] . These factors are similarly applicable to normal adults and stroke patients. Seo et al. In prior studies comparing the vital capacity of healthy adults while lying on the right and left side, many researchers reported greater vital capacity on the right side [8, 22, 28] , but these differences were not statistically significant. However, Manning et al. [8] hypothesized that there may be vital capacity differences in the left and right lungs depending on the age and the conditions of the heart and lungs when sitting, while Zack et al. [23] . reported that arterial oxygen tension was greater when lying on the left side than on the right in a study of 13 patients with respiratory diseases. However, there was no difference in six healthy adults. The left lung is typically smaller than 
